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APPENDIX M

The power spectrum analyzer is a davice inteaded to imndiecate the
emplitude ond direction of the frequency componcnts of the image otructuxe of
8 trensparency. If the trensperency is a negative or p;él&ﬁve photegzaph, the
analyser will immediately give the Tesolving power of tha photographie syoten
used (the maxzimun fraquencyAObtain@d by the mmalyzer), emd the rcla&ive conkent
@ distribution of the frequency components pacsed by the photographic gystem,
biffeorent types of scemes will have differant distributions, although any glvem

distribution will have a whole clasg of scenes corrospending o 4t.

The operation of the powsr spectrum analyser 4c bascd om the fact
that the Praunhofer imege of a point source producaed by a 8iffracting seroen
ig the Pourier tranaform of the wave emplitude in the plame of the secrceam.
I£ £(u,y) represents the wave aaplituds in the plane of the diffroeting scraeen aﬁd

}U(kx, ky) ropresents the amplitude of the image whare (km’ ky) io the normaligaed

(

coordinate of & poimt in the image plame, them

V(/fé,,ﬁé‘) /[ﬁ(v;;)e (£ x ~ "%3)&(’{%8@. (1)

) o practice £(n, y) s 11&&6@@ to the pupil of am optical gyotca aad
s sezo outoids the pupil, amd the mtegmﬁ cam be restricted to tho arca of the
pupll. I¢ com be seen that k., ead hy vhiel are position ceordimstes la the {nage
plane cerrompomd to frequency compemants is the plame of the diffraecimg serecn.
The value of the normalized coordimatc io givem by

A= B np ° Ba. (2)
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vhere A is the wavelength of the light and 6 is the angle of diffraction. The
actual position (x', y') in the image plane as & function of the actual opatial
frequency component (w)x, ¢>y) in the plane of the diffracting screem is givom
by

X'z F lon G 4= f e “, amd  Eq. (3a)

b=
A AP' Eq. (3b)

The wave amplitude f(x, y) may be complex; that is, it way represent
both variations in the magnitude and phase of the wave across the pupil
. coantaining the diffracting screen. This phase variation can have a strong
effect on the image and is unwanted in the power spectirum analyzer. The manper
of its control and the degree to which {t can be tolerated will be discussed
later. For the present we shall assume that the phase variatfon %s negligible.
Although the phase variation may be negligible in the pupll, phase
variations will exist in the image plane depending on the particular geometry
of the diffracting screen.
it should be emphasized that the function we are analyzing is the
/ ~ smplitude of the wave in the pupil as modified by the diffractimng screen. The
transmission of a screen is uswally in tenns of the intensity of the 1light
transmitted which 15 the square of the amplitude transmitted 1f there is no
phase variation.

The diffracted image observed is also the intensity of the wave in
the image plens rather tham the amplituds, and 45 the product of the amplitude
end ita complen cenjugste.

The amplitudas in the image plane is the Fourier transform of the amplitade
in the pupil plens. Thues the intemsity of the image is che product of this

Pourier tremsform end its complex conjugate. This product &s cezmonly known gs
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.the pover spectrum (thus the name of the instrument) and is the Pourier transform
of the autocorrelation function of the diffracting screen.

Since the power spectrum has eliminated the phase information (the
product of a function and its cowplex conjugate is the square of the modulus
of the function), any given pover spectrium correspords (o a whole class of
objects which differ from each other only in the manner in which the structural
details are distributed, and thus 1s a statistlical measure of the structural
content of the object.

The power spectruw analyzer is intended to measure the structural
content of the image of a transpurency (as measured by its amplitude transmlssion)
by presenting its power spectrum graphically as the variation in intensity of
a polnt image resulting from diffracticn by the transparency. The iﬁtensity
at eny point in the image plane is directly proportional to the power spectrum
dengity of thet frequency componert of the transparency having a frequency proportional
to the distance of the point from the center of the image and & direction determined
by the direction of the point from the center of the image.
~ CRIPTION QF I

Figurae M-§ {llustrates diggramriatically the layout of the imstrument.
A monochromatic light source, pinhole, and collimator serve to provide
monochromatic plane waves incident on the tramsparemcy. An immersion tank is
provided to reduce phase variations in transmission to a minimum. A collectorx
lens forms an image of the pinhole after the light hes been diffracted by the
transpacency.

This image is the power spectrum desired, end & sheet of film inserted
here would record the image. However, in wost cases the center of the image,

corregponding to zero frequency, contains an appreciable fractienm, fregquently wmore
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tham half, of the total energy, and the reat is distributed over a laxgge &208.

" 1£ the exposure is sufficient to record the major part of the power 5) Y (A aralaby
the centsr will be heavily overexposed and much of the power speclrum will be
spread over by {rradiation from the center image.

To reduce this effect to a minimum a mask consisting of an opagque
contral spot is inserted in this image plame end the image is rolayod to & RORG
convenient locatiom by a relay lens.

The calibration of the frequency scale is most eaoiiy done by ingortiog
o graeting of koown frequency, such as a Ronehi{ grating, in the immersion tank
and recording its image. The fundamental and ite herwonics will be rvecorded,
providing an accurate frequency veference.

A check on the reliability of the system can be made by taking a plcture
of the image when the traasparency ig vremoved, 1f the mask ie also removed,
the point imege obtained will represent the weighting function of the power
spectrum measurement. The intensity at any point in the imege plane is not

strictly proportional to the power spectrum density of the corraaponding

<;> grogquency, but to @ veighted average for that frequency and its reighboring

froquancies. The spread of the point image with the tramsparency rewoved will
rapresent the waighting function.
The main effect of enlargement of this image will be a corragponding
changs im the weighting function. This includes slow variations in phace, such
os eecurs in the presemce of aberrations. 8uch slow veriatione will heve wo
high frequency components. However, enother effect of the plov phese
veristioms 15 e weighting of the ereas of the transparency in theiz comgributione
ge the pover spectrum. 1f the transpazency does mot have homogancous LERTUXA,
different sberration distributions will result im slightly differemt power spectra.
If the power speécrum {tself is not expected to have fine structure,
s relatively large veighting function io telerable. The w;o& sfficieant uwsa fs'f‘ﬁa

?j‘.
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tolargnce is the enlargement of the pinhole. The pinkole imags is CEBPHER £

thot the weighting does not extend too far out, but the increass in Lranenitiad

eaergy, and concequent reduction in exposure time {3 considsreble.

A picture takem with the transparency removed but ths mask im place
will show how much light will be spread by the stromg sero~froquoncy componont
in ppite of the central mask. This reoidual 1light {s & result of the unliniced,
although low~level, diffraction spread; scattered light, and out-of-fecus
gheot imsges. The diffraction spread is generally vexy emall, the scattered
iight can be kept at & minimum by having a clean amd well-baffled optical system,

end the ghost images can be kept to a minimum by msans of lov-raflection coaginga.

Figures M-1, M-2, M-3 and N-4 show 8ome power spectra obtained with
this imstrument along with contact ;tlnts of the coxresponding ¢ramspecencics
witch were uged as diffracting screens and emlargements of selocted por tiona
of the trangparencies.

The power spectrum of the Roachi grating sbows the fundsmemtal and
harwonice of the atructure. If the lines and spaces were 0§nct1y squal {a width,
the eves harmonics uquld be absent. Their presenca, slthough they are noticaably
wvosk, indicates that the lines gnd 8paces are vot sxactly equal, This grotimg
wao used to calibrate the ftoquoagy“uenlao

Two of the remaining pictures wers taken with @ relatively low-regolution
system and the third with a high-resolutien system. The loverecolmtion oystem
wes limited to about 13 linas per . The high resolution systen was ifmited
to about SO linea per ma.

Oue of the lew-resolutiom pistures s of & river bed wigh foliage
and the other {g¢ of a developed area. The rivar-bed picture hes a powsr opectzum

sonsisting of a bread, gsnerally undifferentiated spread with 8 diffuse bar acroog
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it in eme dircction. The broad opread inéﬁégtea a8 pemerally %&méﬁﬁ GREUE EWEC,
The ber correlakes with the direction of {llumimatienm of tha ocecmo, tho ohodoy
balng very roughly linear and orisnted in the seme dirccticm.

The power spectrum of the develapaed aros chows streng spilkes exicmtad
al@@@'&bc principal directiomns of the axtifical strmcturc with aleost mo
powar accoecioted with the frequencies oricmtcd otherwisa. Gae of thooce primeipal
opikes shows modes indicating regular periodic otructuro coveriamg on opproctablo
erea of the tramsparemcy. On examingtion 4% com be cocm ehae pleved fioldo
gerroopond to the nodes.

fbe;highpfegolutiéa pletuze io also of aié@ye&@p@ﬁ axea, oad ghis fo
agaln r@flac&o@'ﬁa the strengly spiked strueture of é&@ povor opeetegwn.  Thilo
pleture aloo has o plowed field, but the reldeive eres 10 62all end tho medoo apo

Bot apperent.
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